Background Although the new Knee
SF-12. The NKSS exhibited no ceiling and floor effects. The NKSS took a longer time to complete (5.49 ± 3.56 minutes) compared with the WOMAC (4.64 ± 3.19 minutes) and SF-12 (4.35 ± 3.27 minutes). The mean difference in time taken for the NKSS versus the WOMAC was 0.85 minutes (95% CI, 0.54-1.17 minutes; p \ 0.001) and the mean difference for the NKSS versus the SF-12 was 1.14 minutes (95% CI, 0.76-1.15 minutes; p \ 0.001). Its ease of completion generally was comparable to that of the WOMAC and SF-12. Convergent validity showed a strong correlation (r [ 0.6; p \ 0.001) of the NKSS with the WOMAC at all times and moderate to strong correlation (r = 0.4-0.6; p \ 0.001) with the SF-12 and OKSS at the first two assessments, which became strong (r [ 0.6; p \ 0.001) at 12 months. Conclusions The NKSS exhibited greater responsiveness than the WOMAC, SF-12, and OKSS scales and showed no ceiling effect, indicating adequate potential for recording future improvement. The NKSS also showed reliable convergent validity when correlated with these other scores. However, it posed a greater respondent burden in terms of time to completion. Clinical Relevance As independent nondevelopers of the NKSS, we found it to be a responsive tool for assessment of TKA outcomes. We have confirmed that the NKSS can be used interchangeably for this purpose with the WOMAC scale and that it correlates positively with other established scales of the SF-12 and OKSS. Further study of the shortform version will establish whether it also can be used effectively while reducing the respondent burden.
Introduction
The outcome of TKA is evaluated by numerous scoring systems, many of which have evolved with time [4, 8, 9, [14] [15] [16] . With increasing demands of younger, more-active patients, the fulfillment of patient expectations is increasingly important for patient satisfaction. Thus, in addition to objective clinical assessment, the patient's own evaluation of function and satisfaction through patient-reported outcome measures is now recognized to be a fundamental component of many scoring systems.
The new Knee Society Score (NKSS) was introduced in 2012 and combines an objective, clinician-derived component and a patient-reported outcome component for complete assessment of functional activities of diverse lifestyles and patient satisfaction [15] . The usefulness of any scoring system typically is determined by its validity (ability to measure what it is designed to measure) and its responsiveness (ability to detect changes that may occur during a period of time). The NKSS was developed and validated by a Knee Society task force. Noble et al. [15] developed a comprehensive survey of activities, based on which a prototype knee scoring system was administered to 497 patients. Objective and subjective data were analyzed and compared with the Knee Injury and Osteoarthritis Score and SF-12 scores for validation. Statistical analysis confirmed the internal consistency, construct and convergent validity, and reliability of the new score. Based on this analysis, minor modifications led to the NKSS. Their study population was culturally homogenous, which was a limitation of their work and they suggested studying other populations outside the United States and Canada [15] . Further research to determine the responsiveness of the NKSS in measuring changes in response to TKA, and longitudinal followup of the same cohort of patients for evaluation of responsiveness were suggested [15] .
We therefore followed a large cohort of patients undergoing TKA, longitudinally, during more than 1 year to assess (1) responsiveness, in terms of effect size, standardized response mean (SRM), and ceiling and floor effect; (2) respondent burden in terms of time to completion and ease of completion; and (3) convergent validity by correlating the NKSS with the current, established WOMAC, SF-12, and the original KSS (OKSS) scores [1, 2, 8, 20] .
Patients and Methods
One hundred sixty-five patients with the diagnosis of degenerative osteoarthritis of the knee who had been scheduled to undergo primary TKA by the senior author (RNM) between September 1, 2014, and April 30, 2015, were considered for our prospective study. Seven patients from remote regions who were unable to followup per protocol were excluded from the study. At 3 months ± 15 days, six patients were lost to followup. At 12 months ± 1 month, another four patients who did not return for followup during the specified period also were excluded. The final cohort of 148 patients (90%) was analyzed (Fig. 1) .
The age of this final cohort ranged from 49 to 86 years (average, 68 years); 32 were men and 116 were women. Their BMI ranged from 19 to 49 kg/m 2 (average, 30 kg/ m 2 ). All patients underwent surgery by the senior author (RNM), using computer navigation for alignment and balance (Kolibri TM navigation system; BRAINLAB AG, Munich, Germany) through a midline skin incision under tourniquet control. The posterior-stabilized PFC 1 Sigma 1 or Attune 1 implant (DePuy Orthopaedics Inc, Warsaw, IN, USA) was used with cemented fixation for all knees. Periarticular injection analgesia and patient-controlled analgesia pumps were used in all patients. A standard rehabilitation protocol was used; patients were mobilized on the evening of the day of surgery and typically discharged from the hospital on postoperative Day 4.
All 148 patients were administered the NKSS, WOMAC, and SF-12 scoring forms preoperatively after admission (ie, 1 day before surgery) and postoperatively at 3 months ± 15 days and 12 months ± 1 month. At the same times, the OKSS forms were completed for each patient by the same joint replacement fellow (DC) for all patients. The forms were evaluated for responsiveness, respondent burden, and convergent validity as described below.
Score Elements
The NKSS score was obtained from a self-administered questionnaire, which combines general demographic information, an observer-assessed objective knee score (NKSS-OKS) ranging from 0 to 100 points, and a patientreported subjective knee score (NKSS-SKS) ranging from 0 to 155 points, giving a total maximum score of 255 points. The NKSS-OKS includes a pain component of 25 points. The NKSS-SKS includes a function component (FS) ranging from 0 to 100 points and a patient expectation and satisfaction component ranging from 0 to 55 points. The expectation component of the expectation and satisfaction subscale ranges from 0 to 15 points and the satisfaction component from 0 to 40 points. A higher score represents better knee status. The total score of the NKSS and the subscores (NKSS-SKS and NKSS-OKS) were evaluated for responsiveness. The respondent burden was measured in whole for the total scores. For convergent validity, the total score of the NKSS and its function, expectation and satisfaction, and pain components were correlated with the corresponding components of the other scores.
The WOMAC score [1, 2] (a disease-specific measure of pain, stiffness, and function) was obtained from a selfadministered questionnaire, the maximum score being 96. The WOMAC includes subscores for pain (range, 0-20), stiffness (range, 0-8), and function (range, 0-68). A higher WOMAC score represents poorer status and a lower score represents better status.
The SF-12 health survey [20] (a generic health status measure) is also a self-administered questionnaire. It combines a physical component score and a mental component score, each ranging from 0 to 100, giving a maximum score of 200 points. A higher score indicates better health status.
The OKSS [8] consists of two scores, a knee score (OKSS-KS) and a function score (OKSS-FS), each ranging from 0 to 100 points, yielding a maximum score of 200 points. A higher score indicates better knee status.
The responsiveness was assessed by estimation of the effect size and SRM and ceiling and floor effects. Effect size is defined as the mean score change divided by the SD of the preoperative score [10] . Effect size greater than 0.8 is considered large [3] , and the higher the value, the better the responsiveness. SRM is defined as the mean score change divided by the SD of the change in score [12] . A SRM greater than 1 is considered large, and the higher the value, the better the responsiveness. Effect sizes and SRMs of all scores and the NKSS-OKS and NKSS-SKS were calculated. Ceiling and floor effects are determined by the proportion of patients at the ceiling (ie, the best score) and at the floor (ie, the worst score) of each scale. We also calculated the proportion of patients nearing the ceiling or floor scores (ie, within 10% of the best and worst scores).
Respondent burden was assessed in terms of time to completion and ease of completion. Time to completion was recorded in minutes, with seconds rounded up to the nearest minute. The means ± SD of time taken were calculated. Paired comparisons of the NKSS versus the WOMAC and NKSS versus the SF-12 were done by determining the mean differences. Ease of completion was ranked by the patients on a Likert scale, 1 being easy and 5 being most difficult.
Convergent validity was assessed by Pearson's correlation coefficient test. Correlation was assessed between the total scores and between the corresponding pain, function, and satisfaction components. If the correlation was found to be statistically significant (p \ 0.05), the strength of the correlation was determined by the correlation coefficient (r) value. An r less than 0.2 is considered a clinically irrelevant correlation, 0.2 to 0.4 is considered a weak correlation; 0.4 to 0.6 a moderate correlation; and greater than 0.6 is considered strong correlation [18] . We also correlated the change of each score from the preoperative value to the 3-and 12-month postoperative values by Pearson's correlation test and determined the correlation coefficient r. Scatterplots were charted to look at the correlation between the NKSS with all other scores preoperatively and at 3 and 12 months postoperatively.
Descriptive statistics of the raw data for all 148 patients were tabulated during the period up to 12 months for the NKSS, WOMAC, SF-12and OKSS (Table 1) .
For statistical analyses, we used MedCalc version 16 (MedCalc Software bvba, Ostend, Belgium) to determine the effect size and standardized response mean. Other analyses were done with the PSPP Release 0.10.2 (Free Software Foundation Inc, Boston, MA, USA). Paired comparisons were done using the chi-square test. A probability less than 0.05 was considered significant. Correlation between various scales was done using Pearson's coefficient correlation.
Results

Responsiveness
The NKSS was responsive; that is, it showed good ability to detect changes in the patient's status with time, and the potential to detect further changes beyond the study period. All scores showed good responsiveness at 3 months and 12 months (effect size [ 0.8; SRM [ 1) except for the SF-12. The NKSS was most responsive: at 3 months its effect size was 2.83 (95% CI, 2.38-3.27) and its SRM was 2.29 (95% CI, 1.93-2.62), and at 12 months its effect size increased to 3.38 (95% CI, 2.86-3.88) and its SRM increased to 2.68 (95% CI, 2.25-3.11). The NKSS was followed in responsiveness by the OKSS, WOMAC, and SF-12 in descending order, but none of their effect sizes or SRMs were greater than 2.0 (Table 2) . Of the subscores, the NKSS-OKS also showed good responsiveness at 3 months with an effect size of 3.98 (95% CI, 3.07-4.78) and SRM of 3.65 (95% CI, 2.76-4.40), which increased further at 12 months. The NKSS-SKS at 3 months showed a comparatively lesser effect size of 1.32 (95% CI, 1.05-1.60) and SRM of 0.96 (95% CI, 0.76-1.14), which increased further at 12 months ( Table 2 ). The NKSS showed no ceiling effect preoperatively, at 3 months or at 12 months (Table 3) . No patient reached the maximum NKSS score at any time, but 3% and 8% of patients reached 100% of the OKSS score at 3 and 12 months, respectively, as did 0.7% and 7% of patients with the WOMAC score at those same times. Furthermore, the NKSS showed only two patients (1.4%) at 3 months and 9 patients (6%) at 12 months reaching 90% or more of the maximum NKSS value, whereas the OKSS and WOMAC had at least 20% of patients at 3 months and at least 31% of patients at 12 months reaching more than 90% of the score's maximum value. No patient with any of the three scales (NKSS, OKSS, and WOMAC) had the leastpossible score preoperatively or at 3 and 12 months, indicating no floor effect (Table 3) . Further observation of the percentage of patients in the lowest 10% of the scores' values also showed no patients with the NKSS, one patient (0.7%) with the OKSS, and no patients with the WOMAC in this range.
Respondent Burden
The NKSS took longer for patients to complete than did the other outcomes tools. The mean time to completion for the NKSS was 5.49 ± 3.56 minutes, followed by the WOMAC which was 4.64 ± 3.19 minutes, followed by the SF-12 which was 4.35 ± 3.27 minutes. The mean difference in time taken for the NKSS versus the WOMAC was 0.85 minutes (95% CI, 0.54-1.17 minutes; p \ 0.001) and the mean difference for the NKSS versus the SF-12 was 1.14 minutes (95% CI, 0.76-1.15 minutes; p\0.001) ( Table 4 ). In terms of respondent burden as measured by ease of completion on a Likert scale, with the numbers available there were no differences among the three scores. Mean difference for the NKSS versus WOMAC was 0.14 (95% CI, À0.01 to À0.28; p = 0.061) and for the NKSS versus SF-12 was 0.05 (95% CI, À0.11 to À0.21; p = 0.565) ( Table 4) .
Convergent Validity
We observed strong convergent validity of the NKSS with the WOMAC at all assessment points and moderate convergent validity with the SF-12 and OKSS at the first two assessment points, which became strong at 12 months. The NKSS and WOMAC scores therefore can be used interchangeably. Specifically, the NKSS correlated preoperatively and postoperatively at 3 and 12 months with the WOMAC, SF-12, and OKSS scores. The correlation was strong (r [ 0.6: p \ 0.001) with the WOMAC at all times. The strength of the correlation with the SF-12 and (Table 5 ).
The correlation between the changes of scores for the NKSS with the WOMAC, SF-12, and OKSS at 3 months and 12 months (Table 6 ) was strong at all times (all r values [0.6; p\0.001, except for the correlation with the OKSS at 12 months, which was moderate (r = 0.49; p \ 0.001).
The scatterplot for preoperative comparison (Fig. 2) showed a positive correlation among all scores which was maintained at 3 months (Fig. 3 ) and 12 months (Fig. 4) postoperatively.
Discussion
The outcome of TKA is best assessed by combining the observer's objective evaluation with the patient's evaluation of functional and satisfaction components. The NKSS, introduced in 2012, is one such tool and we have been using it in our population since April, 2014. The usefulness of any scoring system is determined by its validity and responsiveness. The validation study for the NKSS was done by the Knee Society Task Force in a culturally homogenous population at multiple sites in the United States and Canada. They suggested studying the NKSS in different populations of other countries and evaluating its responsiveness by a longitudinal followup of the same cohort of patients [15] . As independent nondevelopers, we undertook this challenge to evaluate the responsiveness and respondent burden of the NKSS in a large cohort of Indian patients followed for more than 1 year. All patients underwent surgery by the same surgeon with a posterior-stabilized implant, followed with the same postoperative protocol, and their objective assessment was done by the same orthopaedic fellow. We also correlated the NKSS with the established outcome measures of the WOMAC, SF-12, and OKSS. Ninety percent (148 patients) of our single cohort of 165 patients completed the required assessment before surgery, and at 3 months and 1 year after surgery. We found the NKSS showed good responsiveness, increased respondent burden, and good convergent validity.
Our study had several limitations. First, the NKSS questionnaire was not adapted for our Indian population. The Dutch, French, and the Japanese have adapted and studied their respective translated version of the NKSS [5, 7, 19] . However, the Indian population that we studied was an English-speaking urban population. We also used the other scoring systems in their original form in English. However, we cannot account for any cultural differences that might be evidenced by more heterogenous populations completing the same outcome measures. Second, the study patients did not follow a fixed sequence for completing forms. The order in which the forms were completed could influence the responses. Throughout our study, the order was arbitrary and the questionnaires required each query to be read through before its answer could be marked, therefore we do not expect any biased responses. In addition, the observer's assessment of the OKSS was done by the same orthopaedic fellow for all patients at the same time as the patient-reported scores. We cannot be certain whether some patients may have received assistance from the fellow if they did not understand a question on one of the patient-reported outcome measures.
Responsiveness is defined as the sensitivity of an assessment technique to change with time in response to the patient's changing status. In our study, we found the NKSS to be the most responsive of the scores tested. SRM values were comparatively smaller than effect sizes, but the interpretation of results remained the same. In addition, effect sizes and SRM values were higher at 12 months compared with 3 months, indicating corresponding Fig. 3 The scatterplot shows the correlation of the new Knee Society Score (NKSS) with the original Knee Society Score (OKSS), WOMAC, and SF-12 scores at 3 months postoperatively. improvement in the patient's condition with time. Compared with the other scores, in our study, the OKSS showed better responsiveness than the WOMAC, whereas the SF-12 showed the least responsiveness. Kreibich et al. [11] found the highest responsiveness with the WOMAC and OKSS in a comparison of six scoring systems, whereas Lingard et al. [13] reported the OKSS to be the least responsive and the WOMAC and SF-36 to be more responsive. We also measured the responsiveness of the subscores of the NKSS to ascertain the responsiveness of the subjective and objective components individually. Both subscores exhibited good responsiveness; the objective subscore (ie, the NKSS-OKS) showed greater responsiveness than the subjective subscore (ie, the NKSS-SKS). At 3 months, the NKSS-SKS was lower, but increased at 12 months, indicating increasing patient satisfaction with time. In our study, the NKSS also exhibited no ceiling effect at 3 and 12 months, indicating that it had the capacity to detect future improvement in the patient's condition. Compared with this, the WOMAC and OKSS showed a ceiling effect, which was greater at 12 months. Furthermore, there was a larger percentage of patients close to the ceiling score with the WOMAC and OKSS at 3 and 12 months. In our study, 7% of patients had reached the ceiling score with the WOMAC at 12 months and 32% patients had reached more than 90% of the maximum score. Marx et al. [14] also reported a 4% ceiling effect at 12 months, with 20% of patients achieving more than 95% of the score with the WOMAC.
For respondent burden in terms of time taken, the NKSS took the longest time to completion. The patients had to read through 44, 24, and 14 items for the NKSS, WOMAC, and SF-12 to answer 30, 24, and seven questions, respectively. Paired comparisons showed greater respondent burden of the NKSS compared with the WOMAC and SF-12. In terms of ease of completion as graded by the patients on a Likert scale, with the numbers available there were no differences among the three scores. The NKSS and SF-12 were at par with the burden slightly higher than the WOMAC. The magnitude of the difference, however, was not beyond what could be expected by chance only. Dinjens et al. [6] investigated clinimetric parameters of the patient-reported outcome measurement part of the NKSS in 415 patients undergoing primary TKA. They used a validated Dutch-translated version of the NKSS and reported a response rate of 96% and completion rate of only 43%. The low completion rate was found to be mainly attributable to missing answers in the function subscore for advanced and discretionary activities. They recommended improvements like shortening the scale and simplifying the design to increase the disappointing completion rate. A short-form version of the NKSS subsequently has been developed and shown to be practical, valid, reliable, and responsive for assessing the functional outcome of TKA [17] .
Our correlation tests established convergent validity of the NKSS strongly with the WOMAC at all assessment points and moderately with the SF-12 and OKSS at the first two assessment points, which became strong at 12 months. Van Der Straeten et al. [19] reported that the Dutch NKSS correlated well with the Dutch WOMAC (r = 0.75; p \ 0.001) and with the Dutch SF-12 (r = 0.57; p \ 0.001). We also correlated the subscores of the NKSS with corresponding subscores of other scales to determine how equivalent parameters correlated. We found that the corresponding pain and function components correlated well. However, the NKSS satisfaction subscore correlated with the SF-12 mental component score weakly, a finding also reported by The Knee Society task force in their initial study [15] .
As independent nondevelopers, we established adequate convergent validity of the NKSS in our diverse Indian population and conclude that it is a highly responsive scale with a limited ceiling effect, allowing evaluation of recovery after TKA beyond a year. We recommend that the short-form version be similarly evaluated to ascertain whether it can be used equally effectively while reducing the respondent burden. Although our findings are not strictly generalizable beyond the patient population evaluated here, they are in conformity with other patient populations studied previously.
